Virions prepared from a non-revertible temperature-sensitive (ts) mutant (ts53) of Newcastle disease virus (NDV) grown in ovo at the permissive temperature (34 °C) possessed thermolabile haemagglutination and neuraminidase activities compared with parental (ts +) virions. Purified haemagglutinin-neuraminidase (HN) protein from ts53 virions was also more thermolabile than ts + HN protein. SDS-PAGE analysis of [3H]leucine pulse-and pulse/chase-labelled NDV proteins synthesized in chick embryo fibroblasts following infection with ts ÷ and ts53 virus revealed that ts53 matrix (M) protein was unstable and disappeared during chase incubations only at the non-permissive temperature (42 °C). The non-revertibility of the ts53 mutant may indicate that it is a double mutant affected in both HN and M genes; alternatively this mutant may only be affected in the HN gene, the close physical association of the thermolabile HN with the M protein during virus maturation resulting in the lack of protection of the M protein from the action of cellular proteases at the non-permissive temperature.
Virions prepared from a non-revertible temperature-sensitive (ts) mutant (ts53) of Newcastle disease virus (NDV) grown in ovo at the permissive temperature (34 °C) possessed thermolabile haemagglutination and neuraminidase activities compared with parental (ts +) virions. Purified haemagglutinin-neuraminidase (HN) protein from ts53 virions was also more thermolabile than ts + HN protein. SDS-PAGE analysis of [3H]leucine pulse-and pulse/chase-labelled NDV proteins synthesized in chick embryo fibroblasts following infection with ts ÷ and ts53 virus revealed that ts53 matrix (M) protein was unstable and disappeared during chase incubations only at the non-permissive temperature (42 °C). The non-revertibility of the ts53 mutant may indicate that it is a double mutant affected in both HN and M genes; alternatively this mutant may only be affected in the HN gene, the close physical association of the thermolabile HN with the M protein during virus maturation resulting in the lack of protection of the M protein from the action of cellular proteases at the non-permissive temperature.
Mutant ts53 was originally isolated by Dahlberg (1968) following nitrous acid mutagenesis of the thermostable strain of Newcastle disease virus (NDV) Beaudette C (Granoff, 1959) . This NDV mutant is unusual in that it is non-revertible and fails to inhibit host protein synthesis or synthesize much viral protein if incubated at the non-permissive temperature early in infection (D. Harper, unpublished data) . To determine the primary lesion for this unusual ts mutant, studies were made on the properties of various virion proteins.
High titre stocks of ts ÷ and ts53 virions grown in 10-day-old embryonated hens' eggs for 4 days at 34 °C and purified on sucrose/potassium tartrate gradients were used (i) for haemagglutination and neuraminidase assays, (ii) as a source of HN protein following the Triton X-100 disruption procedure of Scheid & Choppin (1973) and (iii) to infect chick embryo fibroblast (CEF) monolayers to monitor in vivo protein synthesis as previously described (Chambers & Samson, 1982) .
For pulse/chase experiments [3H]leucine (L-[4, 5-3H]leucine; 130 to 190 Ci/mmol, Amersham) was used at 6 ~tCi per 35 mm diam. monolayer, pulsed for 30 min and either haryested immediately or chased for up to 3 h in non-radioactive 199 growth medium (Flow Laboratories) containing 100 ~tg/ml leucine. Labelling and pre-labelling medium contained leucine at 1 ~tg/ml as described previously (Chambers & Samson, 1980) . Monolayers of 2-day-old secondary CEF cells were incubated with or without ts ÷ or ts53 virus at multiplicities of infection of 200 and 500 respectively for 6 h at 34 °C prior to pulse-labelling at 34 °C followed by chase incubation at 34 °C or 42 °C as indicated in the text. Monolayers were immediately boiled in SDS sample buffer (Laemmli, 1970) after the pulse or pulse/chase incubation and analysed on 10~o polyacrylamide gels as previously described (Chambers & Samson, 1980) .
In Fig. 1 (a) the thermostability of the haemagglutination activities of ts + and ts53 virions are compared. As with neuraminidase activities (Fig. 1 b) , ts53 virions are far more thermolabile than ts + virions, consistent with the fact that both activities are properties of the same protein (HN) in NDV (Scheid & Choppin, 1973) . Isolated HN from disrupted virions ( Fig. 1 c) . Thermostability of (a) haemagglutination activity in virions, (b) neuraminidase activity in virions and (c) neuraminidase activity in M-depleted HN preparations. Virions or HN preparations were held at 49 °C in a water bath and samples taken and cooled in ice water at the times indicated. The residual activity was then assayed and compared to that of unheated samples. Symbols are Q, ts + ; O , t s 5 3 ; . , 1 :l mixture of ts + and ts53. Neuraminidase activity was measured with neuraminlactose as substrate according to Scheid & Choppin (1973) . thermolabile than H N in virions, as described earlier (Drzeniek e t al., 1966) , but the greater thermolability of isolated t s 5 3 H N c o m p a r e d to ts ÷ H N shows that increased thermolability is a property of the ts53 H N protein and not an indirect effect of some other virion protein.
S h o r t c o m m u n i c a t i o n
In further support of this, a 1 : 1 mixture of t s 5 3 H N and ts ÷ H N is no more thermolabile than the sum of the individual components. S D S -P A G E analysis of ts ÷-and ts53-infected C E F was conducted next to see if any alteration in H N mobility or stability could be specifically associated with the temperature-sensitive phenotype. W e were surprised to find that although there were m i n o r effects on H N stability during chase incubations, M protein instability was specifically associated with ts53-infected cells at the non-permissive temperature only. (Fig. 2, lanes 7, 8 and 9 ) F0 is no longer visible, as it is cleaved to F1 and F2 ; F1 comigrates with N P and F2 migrates with the dye front in reduced SDS-polyacrylamide gels (Samson & Fox, 1973) . By this time some diminution in the intensity of the ts53 M band was observed (lane 8) which by 3 h at 42 °C (lane 11) had disappeared completely. On the other hand, there is no diminution of the M band of ts ÷ virus incubated for 3 h at 42 °C (lane 10) or ts53 or ts ÷ virus incubated at 3 h at 34 °C (lanes 4 and 5). This is different to the pattern of loss of H N protein in ts53-infected cells which occurs at a faster rate than ts ÷ HN at either temperature (1 h 34 °C chase not shown), and unlike M protein had completely disappeared in all cases during a 3 h chase. The altered rate although significant is not therefore specific to the non-permissive temperature and may not be a direct consequence of the thermolability of the is53 H N protein:
To further investigate the mechanism of ts53 M degradation, the effects of two inhibitors, actinomycin D and cycloheximide, and of a Prior chase incubation at the permissive temperature were examined. Fig. 3 shows that loss of M protein is prevented by actinomycin D when present immediately following virus infection and throughout subsequent incubations. In contrast, cycloheximide added immediately following the 30 min pulse label for a period of 15 min at 34 °C and during the 3 h chase period at 42 °C fails to prevent loss of M protein. Taken together these results suggest that m R N A for the putative cellular protease is made in response to virus infection and is not induced by the temperature shift-up. Finally, a 2 h chase incubation at 34 °C to some extent prevents loss of.M protein during a subsequent 3 h chase incubation at 42 °C (compare lanes 5 and 8), which we presume to be due to maturation of the M protein to a state less amenable to cellular proteases. These effects upon M breakdown are not however reflected in the breakdown of F0 or H N proteins.
The increased thermolability of ts53 HN, both in virions and as the isolated protein, clearly shows that this gene product is altered. The increased loss of ts53 H N protein at both permissive and non-permissive temperatures may be a further manifestation of this alteration. The question of whether the M gene product is also altered remains unresolved. Either ts53 is a double mutant affected in both M and HN genes (leading to the formation of two non-functional proteins at the non-permissive temperature) or the mutation(s) lie only within the H N gene and the thermolabile H N protein fails to form a stable association with M protein during virus assembly at the non-permissive temperature, leaving the M protein vulnerable to cellular proteases. It was hoped that protease V8 peptide mapping (Cleveland et al., 1977) of the M and H N proteins would help to resolve this question but neither protein yielded peptide differences between ts + and ts53 sources (C. M. Lee, unpublished data). The inability of mutant ts53 to revert makes it very difficult to distinguish between these possibilities.
Breakdown of M protein is prevented by actinomycin D treatment following virus infection and this suggests a role for a host-coded virus-induced protease. The failure of cycloheximide to prevent M protein breakdown shows that this protease is not induced by the temperature shiftup. The other way in which breakdown of M protein can be lessened is to allow the radiolabelled M protein to mature at permissive temperature for several hours prior to temperature shift-up. At the lower temperature, the M and H N proteins will be able to associate normally and presumably proceed to a stage where M protein is no longer susceptible to the cellular protease. D.R.H. is the recipient of an SERC postgraduate award.
